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ABSTRACT 
 
 
Develop of drag estimation by using Computational Fluid Dynamics (CFD) on 
Hybrid Electric Vehicle (HEV) model was carried out on this project. The HEV model 
here means the Proton Iswara Hatchback body developed by researcher of Automotive 
Focus Group, Universiti Malaysia Pahang. To develop this HEV model, one of factor 
needs to consider and studied for giving better efficiency on the road is aerodynamics 
drag.  Therefore, simulation of CFD and FEM have been the key features to 
aerodynamics drag studies in this project for the HEV model specifically is Proton 
Iswara Hatcback body. The objectives of this project are to estimate the drag of Proton 
Iswara Hatcback body at ranging speed between 40km/h to 110 km/h that designed by 
Computational Aided Design (CAD). The terminology to getting the drag estimation is 
by using input of CFD then export to FEM analysis to find the value of aerodynamics 
drag in terms of drag forces and drag coefficient. Besides that, CFD simulation results 
such as contour and trajectories plot also used to analyze the characteristics of 
streamlines flow or boundary layer that occurs on the body of this HEV model especially 
for the forebody, upperbody and rearbody. To achieve these objectives and 
rationalization made of project, aerodynamics studies, and study of CAD, CFD, and 
FEA engineering’s software needed to optimize the development of aerodynamic design 
on HEV model and to estimate the drag using CFD and FEA software as an alternative 
after experimental process. In this project also, a simple experiment was done to validate 
the CFD simulation analysis. The experiment known as Pressure Experiment that gives 
valuable results to compare with the simulation results as a validation process to this 
project. 
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ABSTRAK 
 
 
 Menentukan aggaran daya rintangan udara terhadap Kenderaan Hibrid Elektrik 
(HEV) model menggunakan ‘Computational Fluid Dynamics’ (CFD) menjadi 
keutamaan dalam projek ini. Kenderaan Hibrid Elektrik model tersebut  ialah Proton 
Iswara Hatchback yang telah di bangunkan oleh sekumpulan penyelidik automotif 
dikenali sebagai ‘Automotive Focus Group’ di Universiti Malaysia Pahang. Salah satu 
faktor yang dipertimbangkan dalam penyelidikan untuk melihat kecekapan HEV model 
tersebut  ialah dari segi daya rintangan aerodinamik. Oleh itu, simulasi menggunakan 
CFD dan ‘Finite Element Model’ (FEM) menjadi kunci utama untuk menyelidik dan 
menganalisa daya rintangan aerodinamik terhadap HEV model dalam projek ini dan 
secara spesifiknya Proton Iswara Hatchback. Objektif melaksanakan projek ini ialah 
mendapatkkan nilai daya rintangan udara HEV model pada julat kelajuan, 40km/h 
hingga 110km/h pada setiap 10km/h. Terminologi mendapatkan nilai daya rintangan 
udara tersebut ialah menggunakan input daripada CFD seterusnya dihantar kepada FEM 
untuk dianalisis dan mendapatkan nilai dalam bentuk daya dan kualiti daya rintangan 
udara.  Selain daripada itu, ciri-ciri aerodinamik yang berlaku di bahagian depan, atas 
dan belakang kenderaan tersebut di analisa menggunakan keratan dan garis aliran plot 
yang terdapat di dalam perisian CFD. Bagi mencapai objektif projek ini, perisian 
kejuruteraan seperti CFD, CAD dan FEA perlu di optimumkan untuk mendapatkan 
anggaran nilai daya dan kualiti daya rintangan udara seterusnya menjadikan CFD dan 
FEM sebagai alternatif lain selepas proses eksperimen. Dalam projek ini juga, satu 
eksperimen mudah telah dijalankan untuk mengesahkan keputusan proses simulasi. 
Eksperimen tersebut dikenali sebagai ‘Eksperimen Tekanan’ yang memberikan 
keputusan sangat berguna selepas dibandingkan dengan keputusan simulasi sebagai 
proses pengesahan  terhadap projek ini. 
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CHAPTER 1 
 
 
INTRODUCTION 
 
 
1.1 Project Background 
 
The importance of aerodynamics to a Hybrid Electric Vehicle (HEV) model 
needs a development of drag estimation to know how much the car performance on the 
road against air resistance beside to improve the stability, reducing noise and fuel 
consumption. In view of the fact that many of car makers like Toyota, Honda and Audi 
formulate a research and continue develop the HEV model focused on higher propulsion 
efficiency orderly integrate the energy saving by reduce the rolling resistance of wheel 
and reduce the drag by aerodynamically losses. At University Malaysia Pahang (UMP), 
Automotive Focus Group also was developed HEV model to achieve the aim of HEV’s 
control strategy in term of efficiency. Proton Iswara Hatchback body was used by the 
group to modify the conventional power train to the hybrid power train. As an increasing 
of drag, the more power of car to do work than reducing the power train efficiency. 
Therefore, the body of passenger car (Proton Iswara Hatchback) needs to study in term 
of aerodynamics losses. In aerodynamic field there have two major studies need to be 
concerned where is study the airflow on the body and estimation of drag. To understand 
the aerodynamics on the HEV model, flow visualization is the best technique as usual 
does by wind tunnel. But, in this project Computational Fluid Dynamics (CFD) analysis 
will be used as the technology of computer simulation to estimate the drag of HEV 
model after conventional technique due to economical factor. 
 
1.2 Problem Statement 
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In Universiti Malaysia Pahang, one group of automotive researcher known as 
Automotive Focus Group were studied the design and development on Proton Iswara 
Hatchback body as a hybrid electric car. Therefore, the main concerns in aerodynamics 
fields were focused to study to know the efficiency and performance of that HEV model. 
The aerodynamics fields consideration in that researches’ is drag reduction which is be 
the most important factor of HEV model design. 
 
Drag will cause many problems on the performance of HEV model like 
instability, noise and fuel consumption. Thus, in this project the CAD model of Proton 
Iswara’s body was developed to analyze aerodynamics especially on the drag estimation. 
In addition, using CFD and FEM analysis as a possible procedure were develop the drag 
estimation and aerodynamics studies on the body due to no wind tunnel in UMP.  
 
1.3 Objectives 
 
1. To estimate the drag of HEV model (Proton Iswara’s body)  
2. Develop the drag estimation from Computational Fluid Dynamics (CFD) and 
Finite Element Model (FEM) analysis 
 
1.4 Project Scopes 
 
1. Study of aerodynamics on road vehicle 
2. Study of Computer Aided Design (CAD) engineering software 
3. Analyze the project with CFD and Finite Element Model (FEM) for various 
car speeds 
4. Optimize the software engineering as a tool to develop aerodynamics design 
on passenger car. 
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CHAPTER 2 
 
 
LITERATURE REVIEW 
 
 
2.1 Theory of Aerodynamics 
 
 At this section, the fundamental of fluids mechanics and basics of aerodynamics 
were discussed to gain understanding in doing analysis of the project. The basics 
equation and terms in aerodynamics field or fundamental of fluid mechanics such as 
Bernoulli’s Equation, pressure, lift and drag coefficient, boundary layer, separation flow, 
and shape dependence were studied. 
 
2.1.1 Bernoulli’s Equation 
 
Aerodynamics play main role to defined road vehicle’s characteristic like 
handling, noise, performance and fuel economy [1]. The improvement on the 
characteristic related through the drag force which is ruled by Bernoulli Equation. 
Basic assumptions of Bernoulli’s Equation for an air flows are;  
 
1. Viscous effects are assumed negligible 
2. The flow is assumed to be steady 
3. The flow is assumed to be incompressible  
4. The equation is applicable along streamline  
 
p + v2 = constant       (2.1) 
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From equation (2.1) shows the increasing of velocity will case the decrease in 
static pressure and vise versa. On the movement of road vehicle will produce a 
distribution velocity that’s create the skin friction due to viscous boundary layer which 
act as tangential forces (shear stress) then contribute drag. Beside that, force due to 
pressure also created which acts perpendicular to the surface then contribute both lift and 
drag forces. The Bernoulli’s Equation from equation (2.1) gives the important result 
which is [2], [4], [5]; 
 
Static pressure + Dynamic Pressure = Stagnation Pressure. 
 
 
 
Figure 2.1 Drag and lift force due to pressure from velocity distribution [7] 
 
2.1.2 Pressure, Lift and Drag Coefficient 
 
Drag can generate by two main perspectives [1]: 
 
1. From the vehicles (body) 
2. From the moving fluid. 
 
From the two perspectives, three major coefficients were produced from the two 
basic of aerodynamics forces. The first force is pressure distributions that normal 
(perpendicular) force to the body which is will produce pressure, drag and lift 
coefficient. The second force is shear force that tangential (parallel) to the surface of 
body’s vehicle where is contribute drag coefficient only [2], [3]. 
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2.1.2.1 Pressure Coefficient 
 
The equation for coefficient of pressure (Cp) due to dynamic pressure can derive 
as [3],[4] ;  
 
 
      (2.2) 
 
 
The equation of dynamic pressure defined as [3],[4]; 
    
      (2.3) 
 
In term of local velocity, the pressure coefficient (only valid for incompressible flow) 
can derive as [3],[4]; 
 
      (2.4) 
 
The form of equation (2.4) is from the relation equation (2.2) and equation (2.5) 
as shown below [2],[3],[4]; 
     
(2.5) 
 
From the equation (2.4) where the local velocity on velocity is zero, the pressure 
coefficient is equal to 1.0 and when v=v , the pressure coefficient will be zero. While 
from equation (2.2) where p=p , Cp was become zero also. Pressure coefficient would 
become negative, since the local velocity is larger than the free stream velocity, v . 
Therefore, some typical value of pressure coefficient can summarize on table as shown 
in Table 2.1 below. 
 
2
2
1


ρv
ppCp
2
2 
 vpptot

2
2
1


v
vCp
)(
2
1 22 vvpp   
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Table 2.1: Typical Values of Pressure Coefficient, Cp [3], [4]. 
 
 
 
 
 
 
2.1.2.2 Drag Coefficient 
 
As was informed before the net drag is produced by both pressure and shear 
forces, thus the drag coefficient (CD) for a vehicle body can define as [2], [3], [4]; 
 
 
     (2.6) 
 
Where D is the drag and A is the frontal area 
 
Since, the CD was defined as shown in equation (2.6). Thus, the drag force can derive as; 
   
       (2.7) 
 
Besides that, the drag coefficient, Cdf can derive from friction drag, Df, on a flat plate as 
[2]; 
 
 
                              (2.8) 
Where Df is friction drag, b and l are width and length of flat plate 
 
 
 
 
Location Cp Velocity, v 
Stagnation Point 1.0 0 
On body’s vehicle 0-1.0 v< v 
On body’s vehicle Negative v > v 
Aρv
DCD
2
2
1


lbρv
D
C ffd
.
2
1 2

ACρvD D .2
1 2

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2.1.2.3 Lift Coefficient  
 
The lift force can be determined if the distribution of dynamic pressure and shear 
force on the entire body are known. Therefore the lift coefficient (CL) can indicate as [3], 
[4]; 
     
 
 (2.9) 
 
Where L is lift force and A is the frontal area 
 
Pressure and shear stress distribution is difficult to obtain along a surface for non 
geometry body either experimentally or theoretically but these to value can be obtained 
by Computational Fluid Dynamics (CFD) [1], [2]. 
 
 
 
Figure 2.2 Pressure distributions on the surface of an automobile [2] 
 
2.1.3 Boundary Layer 
 
Boundary layer study in aerodynamics can be describe on a flat plate where is 
develop with two types flow which is laminar and turbulent flow. Due to fluid viscosity, 
a thin layer will exist when the velocity parallel to the static flat plate and then gradually 
Aρv
LCL
2
2
1


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increase the outer velocity. The thickness of boundary layer also increases with the 
distance along the flat plate’s surface [2], [3], [4]. 
 
Normally, the boundary layer is start from laminar flow and develops into 
turbulent flow. These two types of flow can determined with change of Reynolds 
number. Between the laminar and turbulent, form of transition region start occur when 
the change on laminar flow into turbulent flow [2], [3], [4]. The variation of boundary 
layer thickness can be seen in Figure 2.3; 
 
 
 
Figure 2.3 Variation of boundary layer thickness along flat plate [3] 
 
2.1.4 Separation Flow 
 
Separation flow can define as the fluid flow against the increasing pressure as far 
as it can; at point the boundary layer separates from the surface where the fluid within 
the boundary layer does not have such an energy supply [2].  
 
 
 
Figure 2.4 Schematic of velocity profile around a rear end [6] 
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In automobile shape, the rear end of vehicle becomes increasingly lower as the 
flow moves downstream then the extended airflow was formed there. Thus, it causes the 
downstream pressure increase while creates reverse force acting alongside the main flow 
and generates the reverse flow at downstream at point C as showed in Figure 2.4.  
 
At Point A, no reverse occur because the momentum of the boundary layer is 
widespread over the pressure gradient. Between the Point A and Point C, the momentum 
of boundary layer and pressure gradient are balanced as stated at separation on Point B. 
The reverse force acting on separation point C is due to the viscosity of air (losses of 
momentum as it moves downstream) [6]. 
 
2.1.5 Shape Dependence 
 
As discussed before the drag was depend on the shape of vehicle [1]. The Drag 
coefficient from equation (2.6) and equation (2.8) shown clearly the frontal area is give 
effect on the drag and lift coefficient means that increasing of frontal area or more blunt 
of body shaped  will increase the both coefficient orderly increase the drag.  
 
For the case, 0<Cd <1 and v< v , the drag, D=½ v2Cd.A that was defined 
from equation (2.7) [2]. Thus from the definition we can conclude that area of frontal 
area projected of composite body as [2], [8]; 
    
 A=b.h       (2.10) 
 
Where b is the length normal to the flow, and h is the height of the body 
 
 
 
